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" [571  ABSTRACT

A hearing faculty test and apparatus therefor is based on
the findng that sound input to the ear gives rise to a
returned wave from and related to the condition of the

- inner ear, this wave being detectable as an echo from

the ear drum. The apparatus preferably comprises a
sealmg aural probe (1) housing transducers (2,3) respec-

~ tively to PTOJth_ a repetitive transient sound by pulse
- generator (4) activation and to pick-up for detection (5)

successive echoes by time-gating. Detected echoes are
preferably averaged during processing (6) for display.
The echo occurs about 5-20 ms after its sound and a

- maximum operating frequency of about 50 Hz is appro-

priate. A continuous sound input can be used with con-
sequent echo interference detectable as rapid changes of
acoustic impedance with sound input frequency. An-
other alternative can involve detection of the ear drum
movement by returned waves.

12 Claims, 1 Drawing Figure
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e . '.ﬁ_'.fjHEARING FACULTY TESTING AND APPARATUS '

THEREFOR

Thls myeutlon concerns hearmg faculty testlng and

i . ERN '5.-:"fapparatus therefor

jE”!'f'?:ih"':'ﬁ:"f-":.'if'__i;l'equu'ements of the clinician for the early detection,
~ assessment and momtonng of heanng disorders. Diffi-

= culties arise with the presently available technrques

R mentloned above because the first kind demand a high
R 'j' ':f'?. | "”degree of conceutratlon and co-Operatlon from the sub-

_]ect under test and the second kind. 1deally involves

O invasive surgery and, on occasion, sedation. These diffi-
e R cultles are most evxdent when the subject is a_young
S AU B R The present mventlon lmproves thrs sntuatlon by mak-
e i;_”’:_ff;. fmg available a further technique which does not suffer
. from the. above difficulties. The invention has arisen

i " from the ﬁndmg, contrary to present understandmg,

- that the healthy human ear emits a detectable echo in
.. response to receipt of a transient sound and. that the
.. echois related to the characteristics of the sound and
ARt o the eondltrons 1nsrde the ear. Itis to. be understood that
. thisecho involves a further movement of the ear drum
. after the initial movement thereof caused directly by the
~© " incident sound pressure variation has decayed .to zero

y

The 1llustrated form of the invention is of the more

g .parncular form mentioned above and comprises an

‘aural probe 1 to interface with a patlent by location in
his external ear canal. This probe is formed to penetrate

and effect an air tight seal with the canal and, for this

purpose. in routine clinical use, a range of shapes and

) sizes will be necessary to allow for the natural variation
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between the ears of different patients. Conveniently, use
may be made of a range of disposable tips engageable
with a common probe base for this last purpose.

Since the probe is to seal with the canal, it may be

appropriate to provide a closable air passageway

through the probe whereby the pressures about the ear

s drum can be equalised after location of the probe and

before operation of the apparatus.
The probe carries two eleetroacoustic transducers 2

-and 3 for respectively applying transient sound into the

canal and responding to the corresponding echo. These

“transducers suitably comprise a miniature sound source
-and a ceramic miniature microphone unit, such as used

- in postaural hearing aids, which are integrated with the.

probe and communicate directly with the air space

 between the probe and ear drum. The forms of such

25

transducers used in initial development provide fre-

~ quency ranges of 500-4000 Hz without resonance, with

- the source being capable of producing sound pressure

Lt ;_-f*f--;:;'-'re]atwe to currently avallab]e deteotlon technrques -

b .- N Moreover, the echo is sufﬂolently delayed relattye to its

. causative sound and the associated direct response to

T f’l"'j?_?;";?;:allow separatlon by eleotromo tlme-gatlng, and the echo
o isconsidered to be related more speorfloally to the char-
T R aeterrstlcs of the inner ear and to deteriorate therewith.

Accordmgly, in a more general form thereof, the

present invention prowdes hearing faculty testing appa-
o ratus eompnsmg means for applying a sound to a sub-

 ject’s ear, and means for deteetmg the wave returned

,'j:_'__lﬁj:f]'_f‘__]_;_":g.}j_;_from the inner ear in. response to. sald sound. The ap-
A ;;f._;'5?';-':ﬁj;_'f'§f'--';j:plled sound wrll normally beofa transrent form, but this
.. isnot essential since any sound will produce a returned
T wave, Also, deteotton of the returned wave will nor-
T ‘“ma]ly be by way of the echo produced thereby, but this

N . isnot essentlal msofar as it is. possrble to deteet the asso-

BN '__i_clated movement of the ear drum.

- In a more: partloular form the myentlon prowdes_
e 'f_:-___‘hearmg faculty testlng apparatus comprising an aural
- probe for insertion in a ‘subject’s external ear canal,
- electroacoustic transducer means mounted in said probe
. for projecting sound into said canal and responding to
... anecho produoed by said sound in said canal, means for
S repeatedly activating said transducer means to generate
I a sequence of transient. sounds, tlme-gatlng means Te-
R L Sponswe to both said activating means and. said trans-
. ducer means for deteotlng signals representing the ech-
~ ' oes produced by said sound, analyser means responsive
.. ... to said detecting means for _processing said detected
. _signals at least by averaging a sequence thereof, and
.. ... display and/or reoordmg means responswe to said pro-
A fcessmg means. ' - _
... Inorder that the 1nventlon may. be better understood
U S RN _,::f_the same will now be described:by way of example with
SR RO i"";f;_reference to the accompanymg drawlng whlch sche-

- levels of 90 dB per 2 cc. volume, and with the sensitivity

and noise level of the mlorophone being such that the
equivalent noise input level is less than 30 dB A. The

frequency responses of the transducers are preferably as
flat as possible.

‘The sound source is operably connected to a pulse

- generator 4 which, in the development so far, provides

35 pulses of less than 200 us width and adjustable ampli-

tude, such as to give aural spectral densities of between

—30and +40dB SPL/Hz. The generator used in initial

~development has been adjustable in respect of pulse

frequency, and a maximum useful frequency of about 50

‘Hz, has been found to arise in practice because the

~ echoes overlap with the succeeding pulses at higher

frequency. In practice it will be appropriate usually to

employ a frequency just below this maximum to reduce

- the necessary overall time of operation as far as possi-

45
ity allowing operation in an irregular manner to facili-

ble. Also, the generator has been provided with a facil-

~ tate use only during quiet periods of environmental and

50
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subject-generated noise, but in further development it is

‘thought that it may be appropriate to inhibit application
of echoes to the processor (discussed below) by auto-

matic operation in response to such noise.
The microphone and pulse generator are connected

toa detector § which preamplifies the microphone out-

put and then time-gates the echo signal component of
this output in delayed synchronism with the pulse gen-
erator output. As indicated above, the microphone out-

- put is found to comprise a direct signal component and

65

SO .’;matlcally lllustrates one form of the myentlon as devel- .

an echo signal component, and these two components

are separated in time. The direct component represents
-the response to the ear drum and the middle ear to the
transient sound input, and this component usually effec-

tively terminates within a period of about 5 ms after the
initiating sound. The echo component occurs within a

further perlod of about 15 ms thereafter. The echo com-
‘ponent is accordingly readily separated and this can be
effected by gating the same during a predetermined
constant period such as just mentioned or during an
“appropriate period which is terminated by initiation of
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the next transient sound input. The echo component is
suitably further ampllﬁed and applied to a processor 6.

The processor comprises an averager which is suit-
ably responsive to a sequence of 20-2000 echoes. In a
simple apparatus the resultant averaged signal can be
monttored aurally and/or visually displayed for assess-
ment. Also the averaged signal can be recorded for
subsequent, separate analysis. In a more sophisticated
apparatus the averaged echo can be subjected to more
detailed direct analysis such as by Fourier analysis.

On the basis of the development of the invention so
far it can be expected that stimulus levels in a healthy
ear of between —20 and + 15 dB SPL/Hz will result in
echo sound fields in the ear canal of between 10 and 25
dB SPL at maximum, and the dominant frequency com-
ponent is likely to be between 1 and 2 KHz. Detectable
echoes below 10 dB SPL appear indicative of hearing
loss, an average mid-frequency loss of 10-20 dB being
sufficient to lower the echo to around 0 dB SPL after
averaging. The detailed form of the averaged echo
appears to vary virtually uniquely between individual
patients so that a primary assessment of a patient’s con-
dition will be based on echo amplitude rather than com-
parison with a “standard” waveform. However, the
condition of any one patient can be monitored by com-
parison of echoes obtained at successive intervals of
time. .
Echo level does not, of course, prove inner ear disor-
der because the signal inputs and outputs are transmit-
ted through the middle ear and are therefore subject to
the condition of the latter. However, this can be taken
into account by differential diagnosis by use of other
techniques to test the middle ear. For this last purpose
the probe of the present invention may be used to obtain
tympanic acoustic impedance measurements. If a nor-
mal middle ear is present, analysis of the echoes can
provide an indication of cochlear activity, and it ap-
pears that the input-output transfer coefficient at indi-

d
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vidual frequencies are related to the cochlear activity

associated with the response of those frequencies.

It 1s to be noted that the echo is of significantly lesser
intensity, about 40 dB, than the associated direct signal
and the present preference for use of an ear probe which
penetrates and seals the external canal is to minimise the
- probe/drum space and thereby enhance the pressure
variations resulting from the drum movements due to
the echo. In practice the probe has been such as to
penetrate the canal for not less than 0.75 cm.

It will be appreciated that the invention is capable of
modification and further develoPment within the more
general discussion thereof given in the introduction of
this specification. For example, while the invention has
been described more particularly as involving a tran-
sient sound input and time-gated echo detection, a con-
tinuous sound input can be employed. In this last event,
the input 1s suitably swept over a range of frequencies:
the echo then causes interference and is detectable as
rapid changes of acoustic impedance with frequency. In
one technique of this kind a simple result can be ob-
tained by adjustment of the input to a narrow frequency

40
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band giving the best echo output. These techniques

preferably employ a low level sound 1np11t and narrow
band filtering for the output.

Turning lastly to the question of practical appllcatlon
of the invention: it is clear from the above discussion
that the invention finds it primary application in clinical
and hospital usage to analyse and monitor the hearing
faculty of patients. In addition, application can arise in

65
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connection with the testing of drugs, the invention
being useful in assessing hearing faculty damage which
may result as a direct or side effect, such as when deter-
mining maximum safe dosages during drum develop-
ment, and particularly when employing ammal tests.

I claim:

1. Hearing faculty apparatus comprising:

‘an aural probe for insertion in the- external canal of a

subject’s ear,
an electroacoustic transducer detector mounted in said

probe to generate signals in response to sound pres-

sure waves returned through said canal by reflection
within the associated inner ear and reaction else-
where, and -

signal separation means connected with sald transducer
to extract, for retention from said signals, compo-
nents thereof representing substantially exclusively
only said inner ear reflection.

2. Apparatus according to claim 1 characterised in
that said probe is formed to sealingly penetrate said
canal. |
3. Apparatus according to claim 2 characterised in
that said probe includes a base part housing said trans-
ducer, and a replaceable part to engage said canal.

4. Apparatus according to claim 1, 2 or 3 wherein said
sound source includes a pulse generator and a further

:electroa‘ooustic transducer mounted in said probe and

responsive to sald generator to produce a repetitive

10 _transrent sound.

5. Apparatus according to claim 4 wherein said signal
separation means Includes a time gate controlled by said
generator to extract for retention from said signals only
components occurring during a period from 5-20 ms
following termination of each said sound.

6. Apparatus according to claim 4 characterized in
that said generator is operable at a frequency not
greater than about 50 Hz.

7. Apparatus accordlng to claim 4 characterised by an
averager respomnsive to the output of said separation
means to average said retained components.

8. Hearing faculty testing apparatus comprising:

an aural probe for insertion in a sub_]cct’s extemal ear

canal,
electroacoustic transducer means mounted in said probe
for projecting sound into said canal and for respond-
ing to reactions produced by said sound in said canal,
a pulse generator for repeatedly activating said trans-
ducer means to project a sequence of transient
~ sounds, ' B '
time-gating means responsive to both said generator and
said transducer means for detecting delayed reactions
produced by said sounds only within a period of from
> to 20 ms following termination thereof to detect the
reactions produced excluswely by return of said
sound from within the inner ear of said subject, and
analyser means responsive to said detecting means for
processmg the detected echo s1gnals at least by aver-
aging a sequence thereof.
9. Hearing faculty testing apparatus comprising:
an aural probe for insertion in a sub_]ect s external ear
canal, .
electroacoustic transducer means mounted in said probe
for projecting sound into said canal and for respond-
ing to reactions produced by said sound in said canal,
a pulse generator for repeatedly activating said trans-
‘ducer means to project a sequence of transient
sounds, -



 ? ?' .'_Qtlme-gatmg means reSponswe to both sald generator and |
' sald transducer means for detectlng delayed reactions

produced by sald sounds followmg termtnatlon
thereof | | |

i sald tlme-gatlng means belng constructed to detect the

reactlons produced by return of sald sounds from

wtthm the subject 3 tnner ear substanttally only dur-

1ng a perlod frorn 5-—20 ms, and

R T ,_5.analyser means responswe to sald detectmg means for__

averagmg a sequence thereof |
- 10. A method of testmg heanng faculty comprislng

}é_:applymg a sound to a subject $ ear, o

4, 374 526

6 .
detectmg in electrical signal form the waves returned

from the ear in response to said sound by reflection
from the inner ear and other reactions, and

| extractmg for retention from said detected electrical

- signals components thereof representing substantially

—exclusively only said inner ear reflection.

11. A method according to claim 10 wherein said

- sound is of repetitive pulse form, and said extraction
- involves time-gating during a period following termina-

10

tion of each said pulse.
- 12. A method according to claim 10 wherein said
sound is of continuous swept-frequency form and said

- extraction involves detection of interference between

15
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saild components for retentlon and other signal compo-

nents.
* X kx ¥ %
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